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Abstract 
A clear and well-defined new product development (NPD) process, cross-functional development teams and project fit with 
manufacturing resources and skills, are three areas critical to achieve lower cost, high quality and short time to market in NPD. 
However it is not clear who from manufacturing function should be involved and in which phase during the NPD project. In order 
to address this issue, the purpose of this paper is to identify how and when manufacturing functions such as engineers and operators 
are involved in a NPD project. Results from a conducted case study in heavy automotive component assembly show that 
manufacturing engineers have been more actively involved compared to manufacturing operators during the early phases of the 
studies NPD. It confirms earlier results that it is not easy to involve operators in the early phases of project due to abstraction and 
ambiguity associated with early design. 
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1. Introduction 
The new product development (NPD) process is usually 
defined as a process with a series of activities that result in the 
final product. Ulrich and Eppinger [1] state that a process flow 
diagram can be used to illustrate the product development 
process since this process follows a structured flow of activities 
and information. In the generic NPD process as shown in 
Figure 1 there are six phases in this process which are 
principally followed by a gate to check that the phase is 
completed. Most organisations have these development 
methodologies in the form of a structured phase gate process 
for NPD. In a survey on product development performance 
metrics and practices within 211 US businesses, Cooper and 
Edgett report that 90 percent of the best performers, compared 
to only 44 percent of worst performers, have a clear, defined 
new product development process that guides NPD projects 
from idea to launch [2].  
 
In addition to an implemented structured NPD process, 
cross-functional development teams is a key success driver to 
achieve lower cost, high quality and short time to market in 
NPD. Simultaneous engineering, joint product and process 
development or concurrent engineering (CE) are established 
approaches in which activities overlap and multiple 
departments collaborate from the beginning [3]. The fact that 
activities are carried out at the same time or overlapping by 
different groups requires an efficient coordination with project 
organizations that are dedicated to a certain project. Most often 
manufacturing system should be updated and developed when 
new products are developed to ensure that the product can be 
manufactured when customer orders are placed. Figure 2 shows 
Fig. 1. A generic NPD process by Ulrich and Eppinge [1] 
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the interface between product design and manufacturing 
system design in NPD projects. It is important to work cross 
functionally and communicate efficiently in NPD project since 
there is dependency between functions and their deliveries [4].   
 
 
 
 
There are different factors that have proved to be significant 
in successful NPD through various research studies. Cooper [5] 
mentions factors such as: A strong market orientation, a unique 
superior product, a strong market launch, an attractive market, 
synergy in a number of areas, top management support as well 
as good internal and external communication. The factor 
‘synergy in a number of areas’ pertains how fit the project is 
with corporate resources and skills in the areas of technology, 
marketing and manufacturing [5].  
The majority of these factors, and especially the project fit 
with manufacturing resources and skills, are influenced earlier 
than in the detailed product design phase (see Fig 1) in the NPD 
process. In the concept development phase, various 
requirements from e.g. sales, service, purchasing and 
manufacturing are gathered and balanced. However, there 
seems to be a tendency to consider upstream communication as 
more closely associated with greater success in meeting 
customer requirements rather than manufacturing-related 
requirements [6]. Research results from 20 American 
manufacturing sites indicates that achievement of 
manufacturability is strongly associated with communication 
between designers and downstream processes such as 
manufacturing [6].  In an early survey with data from 1991, 
only 9% of the investigated companies reported any type of 
early manufacturing involvement in new product development 
projects—that is, involvement in the concept development 
stage [7].  
Manufacturing requirements can be best expressed and 
evaluated by persons that work in the manufacturing system, 
e.g. manufacturing engineers, manufacturing supervisors and 
operators. They can provide useful insights and feedback in the 
NPD to the design of a product. There is previous research that 
indicates the importance of NPD team integration and 
manufacturing involvement on the results of NPD [4] and [7].  
In the review by Dekkers et al. [8] of the literature and 
empirical evidence on how to manage the interface between 
‘product design and engineering’ (i.e. NPD) and 
manufacturing, the Integrated Processes and Coordination is 
identified as one key area of research. The transition from the 
engineering phase to the manufacturing stage is one key area 
of research, where formalised approaches and specific launch 
teams have been pointed out as potential success factors [9]. 
The relation between adopted practices for manufacturing 
involvement, such as concurrent engineering and design for 
manufacturability, and the success of the NPD process have 
been studied in initial studies [7] and [10]. However, the 
empirical evidence of the impact of manufacturing 
involvement in NPD in the results are generally weakly 
investigated [6]. In fact, the literature gives few, if any, details 
on manufacturing or operations involvement.  
Based upon this identified research need, this paper 
addresses the following question: How and when is 
manufacturing personnel (such as engineers and operators) 
involved in early phases of new product development, to 
safeguard that manufacturing system requirements are 
communicated to product development teams? This serves as a 
current state analysis of how manufacturing personnel are 
involved in a typical NPD project. The result advances the 
knowledge on the involvement of manufacturing in NPD 
process in order to identify shortcoming and improvement 
possibilities, and serves as an initial exploratory base for 
further studies within the area. 
 
2. Method 
The findings of this paper are obtained through an 
exploratory single case study. Single case study method which 
is used in this study is considered to be appropriate since it 
allows investigating a contemporary phenomenon in depth in 
its real world context [11]. In case study research, the 
researcher does not control the phenomenon. These criteria 
apply to the question that this research attempts to address.  
2.1. Case description 
The case company is a large company that manufactures 
heavy automotive. The design and product development is 
centralized while manufacturing and assemblies are present in 
several countries. A new product development (NPD) project 
is chosen to be studied where a new product consisting of 
several components is being developed. At the time of the 
study, the project was in late detailed design phase and the 
production system was undergoing changes to be able to 
produce the new product. The unit of analysis is the interactions 
between manufacturing and product development unit. 
Involvement of manufacturing functions (personnel) in early 
phases of NPD is in particular interesting in this study.  
2.2. Data collection and analysis 
Eight in-depth face to face interviews by one of the authors 
with research and development (R&D) project leader, 
manufacturing project leader (MPL), and manufacturing 
engineer were conducted over a period of four months. The 
interviews lasted for 30-60 minutes. An interview guide was 
developed and followed during interviews. Interviews were 
Fig. 2. Product design and manufacturing systems design in NPD process 
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designed as semi-structured and were recorded and transcribed. 
Apart from interviews, one of the authors also made continuous 
observations, participated in project meetings and studied 
archived documents as other means of data collection.  
The analysis of the data began simultaneously as data was 
collected [12]. The analysis was conducted with focus on 
manufacturing involvement in the project. It was interesting in 
this study to understand how manufacturing was involved and 
informed when the project was initiated, how manufacturing 
has set requirements and how manufacturing is collaborating 
with R&D to safeguard requirements. There key themes in this 
regard were identified as:  
• Manufacturing involvement in setting 
requirements at the beginning of project 
• Manufacturing involvement in first concept 
• Manufacturing involvement during the running of 
project 
2.3. Ensuring reliability and validity 
To address the reliability in this research, case study 
protocol has been used in the data collection phase. To address 
validity multiple sources of evidence have been used during 
data collection, as suggested by Yin [11], plus the interviewees 
were asked to review the case study report.   
3. Results 
This section is structured according to the project 
progression: throughout the initiation, during requirement 
setting and during the first concept development. As mentioned 
before the focus of the study is on the early phases of product 
development, which is why the paper does not go beyond 
concept development phase. In the first part, the project 
organisation is presented- as described by the interviewees- in 
order to clarify the context and way of working at the company.     
3.1. Project organisation and manufacturing involvement  
Figure 3 represents the project organisation in the case 
company. The project was organised with a project manager 
from research and development (R&D) which is referred to as 
global project manager in Figure 3. The project was broken 
down into smaller projects with respective R&D project leaders 
that report to the project manager. The responsibility of the 
R&D project leader was to coordinate cross-functional 
activities and deliveries. To address industrialization and ramp-
up preparations, a project team in manufacturing unit was also 
created. This project was managed by a project leader hereafter 
referred to as manufacturing project leader (MPL). The MPL 
was basically the manufacturing representative in the NPD 
project and acted as the link between R&D and manufacturing. 
The MPL had regular weekly meetings with manufacturing 
engineers and logistics engineers. When the case study was 
carried out the project was in detailed design phase, both 
regarding product design and manufacturing system design. 
Therefore manufacturing engineers were focusing on new 
equipment and tools as well as on manufacturability aspects. In 
the meetings status of equipment orders and deliveries were 
reported. Any concerns from manufacturing or risks seen in the 
project (from manufacturing’s side) were raised in the meeting 
as well.   
 
 
Fig. 3.  Project organisation in the case company for NPD project 
 
3.2. Project initiation 
The interviewees agreed that the project was initiated due to 
market potential for the planned product. However they were 
not present in the process of creating the project definition since 
it was done several years earlier and the interviewees had 
shorter work experience in their current positions. The first 
versions of project definition were prepared six years prior to 
the study. 
The new product type required changes in the 
manufacturing system in terms of installations and tools. By the 
time the case study was carried out the manufacturing system 
was being developed to fit new product.  
3.3. Requirements and constraints from manufacturing  
An important input in the concept development phase was 
risk assessment. At this stage some concepts were development 
by a small group of specialists and the risks associated with 
each concept was identified. The risks were continually 
scrutinized under projects time and the risk list was updated. 
The interviewees in this study were not present in the initial 
risk assessment expect for one of them. Risk assessment was 
carried out under the subsequent stages of manufacturing 
system design as well. The company used process failure mode 
and effects analysis (PFMEA) which is an analysis of 
manufacturing processes. The manufacturing project leader 
(MPL) was responsible for doing the PFMEA, documenting 
results and following up on the identified risks.  
PFMEA was done in a group that consisted of 
manufacturing engineer and manufacturing supervisor. The 
risk list was checked during weekly project meetings that that 
MPL and manufacturing engineers had. One test assembly 
workshop was planned at the time of the study to control a 
design that was assessed as risky in previous risk assessments. 
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3.4. Manufacturing involvement in first concept 
One key gate in the new product development was the 
validation of the early concept design. Here the manufacturing 
project leader (MPL) had a pivotal role. According to the 
process standards in the company several test assemblies were 
planned. The MPL had the overall responsibility to inform the 
design engineers which assemblies or interfaces were critical 
and should therefore be tested. Earlier test assemblies were 
done virtually using digital tools, while the later ones were 
carried out using plastic prototype and eventually with articles 
identical to articles planned to be used in customer order 
production. The MPL had several years of work experience in 
the manufacturing area as a manufacturing engineer. The 
experience served as the basis for evaluating the early design. 
If the article was a critical one, or if the design is considered to 
need further examination, the MPL would describe it for the 
manufacturing engineer and supervisor. Together they decide 
if the design should be tested.  
                              
4. Discussion 
The discussion is structured similar to key themes identified 
in the analysis of the findings from the interviews, 
observations, participation and format document that were 
briefly presented in the result section.  
4.1. Manufacturing involvement in early stages of 
requirement setting 
The results show that the manufacturing requirement setting 
had a standard in the case company. Requirement were usually 
elicited through a risk assessment workshop in which a cross 
functional team, investigated the manufacturing process. In this 
type of risk analysis, the team might choose to study some 
single article or study all articles in a certain work station. Then 
the risks associated with each article or operation are identified. 
In a similar manner positive aspect of each operation or article 
are highlighted. The results are then transferred to design 
engineers in R&D. In the case project, MPL and manufacturing 
engineers were involved in the risk assessment and used 
PFMEA technique. 
4.2. Manufacturing involvement in the running NPD project 
In the way of working in this project, there was no direct 
contact between the designer and manufacturing personnel. 
The communication and transfer of information between R&D 
and Manufacturing was done through the project leaders in the 
respective organization. This also meant that the success of the 
project would very much depend on the proficiency of project 
leaders.  
4.3. Challenges of continuity 
An area highlighted in the study is the challenge of 
continuity in project’s lifetime. Two of the manufacturing 
engineers mentioned the employee turnover as a factor that had 
created some difficulty in the project. As a result of high 
employee turnover, the interviewed manufacturing engineers 
had less than three years work experience in their position. Two 
of them had worked in their position for six months. They did 
not have all the background facts to the project and expressed 
that they had found it hard to find all relevant data when their 
predecessor was not accessible. This was also noted during 
interviews since some of the questions could not be answered 
by the respondents. This topic can be further examined to 
understand how it can affect project performance and efficient 
manufacturing involvement.  
4.4. The involvement of manufacturing operators 
Collected data indicated that it was deemed important to 
establish enough communication and feedback mechanism 
between R&D and manufacturing. Yet participants in the study 
believed that operators could not be able to give feedback on 
the design early in the process when there was no physical 
article to evaluate. It was generally believed that operators were 
more detailed-oriented which might make it hard for them to 
comment on conceptual/ambiguous designs [4]. 
This could be contrary to what operators or manufacturing 
supervisors believed. A proposition about that cannot be made 
now since line personnel (operators) were not represented in 
the study. However, it is relevant to specify what kind of 
competence/knowledge operators can contribute to the project. 
It will then be easier to determine in which phase the 
knowledge/competence will be most useful. 
 
5. Conclusions 
This research paper has empirically examined the way 
manufacturing units and R&D interact in the NPD process. The 
emphasis was to understand and capture how manufacturing 
gives input and feedback to the NPD process in order to help 
R&D design the future product in a way that fits the 
manufacturing system. Since the results are based on a single 
case study, the results cannot be generalized at this point.  
The results provide a well-founded basis for future research. 
Further studies will be made on establishing stronger empirical 
base for how manufacturing shall be involved in NPD, 
including additional perspectives and additional cases. The 
further cases will add nuances to the findings by representing 
different degrees of change for the manufacturing system. 
Earlier research indicate that the degree of novelty have an 
impact on the suitability of intense collaboration between 
functions such as R&D and manufacturing, but more 
conclusive research on this matter is needed [8]. A key area is 
to describe how and when the stakeholders from manufacturing 
should be involved to maximize the benefits in terms of 
innovativeness and efficiency.  
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